as well as highly potent medical agents with specific antitumor and anti-HIV activity. 4À8 The photonuclease activity of water-soluble Au III porphyrins for sequencespecific catalytic DNA cleavage, for instance, has recently been demonstrated. 8, 9 To minimize damage of nontumor cells, a targeted drug delivery in the body is desirable. An increasingly attractive carrier system for therapeutical agents 10, 11 and biomarkers 12 are nanoparticles providing well-defined facet surfaces for the functionalization with agent molecules. In particular, the functionalization of gold nanoparticles with porphyrins has been recently realized. 11, 13 For a successful functionality control the stabilization of the desired reactive state and accessibility of the frontier orbitals of the active center are of utmost importance, necessitating an appropriate interaction between the agent and its support.
As pointed out in a recent in vitro study by Lum et 
TPP]
þ cation leads to a negative image charge in the conducting template, which can be utilized to shift the chemically active d orbitals of the Au center to desired energy levels, and thereby, making them active or inactive. The presented experimental and theoretical results provide mechanistic insight into fundamental atomistic processes, resulting in an interaction scheme with relevance for supported ionic metalorganic agents, in general, comprising an active metal ion center with differently stable oxidation states.
RESULTS AND DISCUSSION
Verifying [Au
The low-temperature (LT) scanning tunneling microscopy (STM) topograph of Figure 1a shows the sample surface at 7 K after roomtemperature deposition of our model agent molecule, Au III Figure 1c) . 15, 16 No topographic evidence for a Cl À counterion attached to individual AuTPP moieties is found by STM, in accordance with our X-ray photoemission spectroscopy (XPS) results (see below). The second species appears as structureless circular protrusion with a diameter of less than 8 Å. Its coverage observed by STM is considerably lower than that of AuTPP throughout the sample surface. It is plausible to attribute species 2 to chlorine and assume that a major fraction of the chlorine arriving at the surface is desorbed at room temperature. We note that the interaction of chlorine with Au(111) is strongly coverage dependent and controversially discussed in the literature. 17 ARTICLE 2À4, 9, 10), the substrate (states 1, 6À8) and the adsorbate/substrate interface (state 5). The resonant energies of the respective states are indicated by vertical bars in the spectrum. Table 2 summarizes the assignments of the electronic states and orbitals. Compared to the spectrum in ref 15 , an additional sharp peak (state 4) is detected due to the optimized tunneling parameters of the present study as shown in Figure 2a . State 4 is centered at the low energy edge of the highest occupied molecular orbital (HOMO) indicating a significantly different electronic configuration of the adsorbed AuTPP compared to AuTPP in solution. In the latter case, the ligand-field split Au 5d-orbitals mix strongly to the LUMO of the complex but not the HOMO, similar to the gas-phase behavior. 15, 25 Most strikingly, state 4 is exceptionally narrow, thus pointing to a weak coupling of the complex with molecular vibronic states 26 and electronic states of the substrate. þ adsorbed on Au(111); red (blue) means a reduction (accumulation) of negative charge density compared to the isolated molecule in the gas phase. In the absence of a negative image charge, d orbitals are zero-field split by the square-planar tetracoordinate ligand field of the four porphyrine pyrroles, and each of them contributes to several different MOs of the AuTPP. The resulting intricate orbital mixing scheme can be simplified, in a first step, by analyzing only MOs with significant contributions of Au d orbitals with z component (the ith atomic-orbital contribution to a particular MO, f, is approximated by f = c i 2 /∑ j c j 2 ).
ARTICLE
The highest lying of these MOs (MO158) is about 1. yields an intriguingly good description of the STM and VASP results that indicate a Au d contribution of 5À10% to the HOMO (see Figure 2 and Figure 3) . Furthermore, our simulations show that the STM tip as "sixth ligand" at a distance of >6 Å above the molecule does not significantly affect the presented experimental results (compare Figure 4b ).
CONCLUSIONS
Our combined experimental and theoretical study demonstrates that Au(111) facets are, indeed, a suitable template for functionalizing transferable nanoparticles as a therapeutic drug delivery system of cationic gold(III)-porphyrin derivatives. We uncover the exceptional adsorption behavior of individual [Au À11 mbar. W tips were electrochemically etched, vacuum-annealed above 1100 K, and subsequently Au-coated by controlled indentation into the pristine gold surface. The bias voltage, V, was applied to the sample. Compared to earlier work from our group, 15 the STS experiments were optimized by using two times larger tunneling currents and acquisition times and linearly decreasing the tunneling distance up to 50 pm with decreasing |V|. The set-point was þ1 V, 30 pA, and z-offset e 200 pm prior to deactivation of the feedback loop for recording the local differential tunneling conductance, dI/dV, with a sweep time of 120 s. The dI/dV signal was obtained with lock-in technique and a sinusoidal modulation peak-to-peak voltage of V pp = 20 mV and 1 kHz added to V. Reliable judgment of the cleanliness and condition of our STM tips was based on routinely monitoring the dI/dV signature of the Au(111) surface state obtained over pure substrate regions and crosschecking its position and shape with literature values. 37 Conductance maps (spectroscopic images) were obtained by recording dI/dV point-by-point while scanning the molecule in constant-current mode.
XPS data were obtained with Al and Mg KR radiation and a hemispherical electron energy analyzer (100 mm radius) operated at a pass energy of 20 eV. The analyzer was equipped with a position sensitive resistive anode detector for increased sensitivity. The energy resolution of the setup of 1 eV was concluded from the width of the Ag 3d peaks. The energies were calibrated using the Au 4f 7/2 and Au 4p 1/2 reference binding energies of 83.9 and 642.7 eV, respectively. The recorded peak areas were consistent with the atomic percentage of the different elements in the Au-porphyrin taking into account the different scattering cross sections and the sensitivity of the analyzer.
The complete adsorbate has been calculated within a density functional theory (DFT) approach using the Vienna ab Initio Simulation Package (VASP) 38 and the PW91 functional 39 of the generalized gradient approximation to model the electron exchange and correlation. Owing to its large periodicity, the chevron reconstruction of the Au(111) surface 40 could not be modeled within our calculations. 16 The Au(111) surface is modeled using periodically repeated slabs with a nearly square surface supercell with (8 Â 4) periodicity and four layers thickness separated by 25 Å vacuum. The topmost two layers and all atoms of the molecule were allowed to relax during optimization to replicate the atomic mismatch of the chevron elbows at the adsorption site upon adsorption of the [AuTPP] þ complex. The electron-ion interaction is described by the projector-augmented wave (PAW) method. 41 For the Brillouin zone sampling, only the gamma point is used (energy cut off at 450 eV). The dispersive interactions not accounted for in DFT are modeled using a semiempirical London-type extension of the VASP code. 42 The charge of the molecular cation and the gold slab is determined by the total charge of the moleculeÀsubstrate system. We have compared total charges þ1 and zero for which we obtained almost identical geometric and MO electronic structures. Herein, we relate to zero total charge of the molecule/ substrate system. Gas-phase DFT single point energy calculations were performed with the Gaussian 03 package 43 using Becke's threeparameter hybrid functional (B3LYP) 44 and fixed saddle-shape conformation of the AuTPP as obtained from our VASP calculations. A compound basis set was employed using Pople's 6-311þG(d,p) basis set for C, H, and N atoms, Los Alamos National Laboratory 2 (LANL2) relativistic effective core potentials 45 for the core electrons of the Au atom, and split-valence (double-ζ) basis sets for the valence electrons of Au.
